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Summary
Background.— Congenital left coronary artery abnormalities such as ostial stenosis or atresiaatresia;
Coronary ostial
stenosis;
Left coronary artery
abnormality;
are extremely rare. Diagnosis in the neonate has not been reported.
Aims.— To describe ﬁve neonates with left coronary artery oriﬁce abnormalities and discuss
pathophysiology, diagnosis and treatment options, with a focus on the importance of autopsy
in unexpected neonatal death.
Abbreviations: ALCAPA, anomalous left coronary artery from pulmonary artery; CABG, coronary artery bypass graft; CT, computed
omography; LCA, left coronary artery; RCA, right coronary artery.
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Neonatal cardiac
death;
Neonatal autopsy
Methods.— Retrospective assessment of medical ﬁles of neonates with left coronary abnormal-
ities seen during a 12-year period (2000—2012).
Results.— Three neonates with anatomical (n = 2) and functional (n = 1) left coronary stenosis
and two neonates with ostial atresia were identiﬁed. The three infants with coronary stenosis
died within minutes to days after birth because of cardiac failure refractory to intensive care
treatment; at autopsy, left coronary ostial stenosis (n = 2) and high take-off with acute angle
origin and tangential vertical course (n = 1) were diagnosed. The fourth neonate was in cardiac
failure due to critical aortic stenosis; left coronary ostial atresia was diagnosed during an emer-
gency catheter procedure and the infant died after aortic valve dilatation. The ﬁfth infant had
a cardiac arrest on the third day of life; she was diagnosed with left coronary ostial atresia by
coronary angiography and died during attempted revascularization surgery at 2 weeks of life.
Conclusion.— Congenital coronary ostial abnormalities can lead to severe heart failure and
unexpected neonatal death. Systematic examination of the coronary arteries should be part of
any neonatal autopsy. Coronary angiography remains the diagnostic method of choice despite
advances in non-invasive imaging. Revascularization surgery seems indicated in symptomatic
children based on small patient series.
© 2013 Published by Elsevier Masson SAS.
MOTS CLÉS
Atrésie coronaire ;
Sténose coronaire ;
Anomalie de la
coronaire gauche ;
Décès néonatal
d’origine cardiaque ;
Autopsie néonatale
Résumé
Contexte.— Les anomalies congénitales de la coronaire gauche comme la sténose ou l’atrésie
ostiale sont extrêmement rares. Leur diagnostic en période néonatale n’a pas encore été décrit.
Objectifs.— Nous rapportons cinq cas néonataux en discutant la physiopathologie, les options
diagnostiques et thérapeutiques et l’importance de l’autopsie en cas de décès néonatal.
Méthodes.— Analyse rétrospective monocentrique des nouveau-nés avec anomalie congénitale
de la coronaire gauche entre 2000 à 2012.
Résultats.— Nous avons identiﬁé trois nouveau-nés avec une sténose soit anatomique (n = 2),
soit fonctionnelle (n = 1) ainsi que deux nouveau-nés avec une atrésie ostiale de la coronaire
gauche. Les trois nouveau-nés avec sténose coronaire sont morts entre quelques minutes et
quelques jours de vie malgré une réanimation maximale. L’autopsie a montré une sténose ostiale
de la coronaire gauche (n = 2) et une naissance ectopique au-dessus de la jonction sinotubu-
laire avec un trajet tangentiel vertical (n = 1). L’atrésie de l’ostium gauche chez le quatrième
patient a été diagnostiquée lors d’une dilatation aortique percutanée pour sténose aortique
critique. Le patient est décédé après le cathétérisme cardiaque. Le diagnostic d’atrésie pour
le cinquième nouveau-né a été fait lors d’un cathétérisme cardiaque fait pour explorer un arrêt
cardiorespiratoire. Il est décédé lors de la tentative de revascularisation chirurgicale.
Conclusion.— Des anomalies coronaires congénitales peuvent mener à une insufﬁsance car-
diaque néonatale et à un décès néonatal. Toute autopsie néonatale doit comprendre un examen
des artères coronaires. La coronarographie reste la méthode diagnostique de choix chez le
nouveau-né malgré les avancées en imagerie non invasive. La revascularisation chirurgicale
semble indiquée dans les petites séries rapportées.
© 2013 Publie´ par Elsevier Masson SAS.
(
t
t
c
r
f
m
A
d
sBackground
Congenital abnormalities of the left coronary oriﬁce such as
ostial stenosis or atresia are rare cardiac defects, with the
exception of those seen in common arterial trunk [1]. Only
a few autopsy or case reports and small surgical series of
adult and paediatric cases have been reported in the lit-
erature [2—5]. The clinical picture is heterogeneous and
depends on age at onset of clinical symptoms. In the infant
or small child, cardiac failure due to severe biventricular
dysfunction can be the clinical presentation in case of left
coronary artery (LCA) atresia or severe ostial stenosis, the
latter being extremely rare. Coronary ostial atresia can thus
mimic the clinical picture usually seen in case of anomalous
origin of the left coronary artery from the pulmonary artery
d
(
iALCAPA), which is far more frequent in this age group [2]. In
he older child, adolescent or adult, clinical symptoms are
hose of chest pain during exercise or at rest, suggestive of
oronary abnormality.
Proximal tangential coronary course is recognized as a
ather rare congenital coronary abnormality but there are
ew reports on functional impact, even though secondary
yocardial ischaemia as a consequence seems possible.
cute coronary angle take-off has been associated with sud-
en death in adults [6].
To our knowledge, neonatal diagnosis of LCA ostial steno-
is or atresia has not been previously reported. Here, we
escribe ﬁve neonates with anomalies of the LCA oriﬁce
atresia/stenosis/acute angle take-off with tangential prox-
mal course) whose common particularities are the early
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nset of symptoms and fatal outcome. This report under-
ines the importance of a well-conducted neonatal autopsy
o elucidate unexpected neonatal death.
ethods
e searched our institutional database for neonates with
he diagnosis of congenital LCA abnormalities (ostial atre-
ia/stenosis, abnormal course, ectopic ostium) seen at our
entre from January 2000 to October 2012. All medical ﬁles,
ncluding autopsy protocols and available pictures, were
eviewed.
esults
ive neonatal cases of congenital abnormalities of the LCA
riﬁce were ﬁnally identiﬁed in our institutional database.
wo patients had isolated severe LCA ostial stenosis and one
atient had a high take-off with acute angle of origin and
roximal tangential LCA course. All three anomalies were
iagnosed at autopsy. The other two neonates had atresia
f the LCA oriﬁce, both diagnosed by coronary angiography;
n one case it was an isolated abnormality and in the other
t was associated with severe neonatal aortic stenosis.
ase 1
he ﬁrst neonate was born at 35 weeks’ gestation with a
irth weight of 2230 g and an Apgar score of 10-8-5; he
ecame quickly hypoxic with respiratory distress requiring
echanical ventilation and transfer to a neonatal inten-ive care unit. Emergency echocardiography showed signs
f persistent pulmonary hypertension with normal cardiac
natomy (including normal pulmonary veins) but with asso-
iated severe biventricular dysfunction. The neonate died
s
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igure 1. Case 1: macroscopic view of the opened aortic root. Aortic
ith their respective cusps. The black arrow in (A) and the blue probe in
tenosis of the left coronary artery situated in the middle of the left co
e seen in normal position in the right coronary sinus.D. Laux et al.
fter a few hours in refractory hypoxia with multiorgan fail-
re, despite all the intensive care treatment strategies that
ere undertaken. Autopsy showed an anatomically normal
eart except for a pinpoint LCA oriﬁce (Fig. 1A and B). The
ight coronary artery (RCA) was completely normal. No other
ongenital extracardiac malformations were visible. There
as no macroscopic congestion of liver, kidney or bowels.
schaemic alterations of the grey matter were seen in both
emispheres. Histological analysis of samples from differ-
nt sites in the left ventricle did not reveal any myocardial
ecrosis or ischaemia. The pulmonary parenchyma showed
oderate quantities of hyaline membranes in the alveoli
ithout signiﬁcant obstruction of the airways.
ase 2
his neonate was prematurely born at 33 weeks’ gestation
ith a birth weight of 1700 g after an uneventful pregnancy
ithout obstetrical complications. Neonatal adaptation was
haracterized by immediate bradycardia. Usual neonatal
esuscitation manoeuvres were unsuccessful and the baby
ied 30min after delivery. Autopsy was performed and the
eart was anatomically normal except for a slit-like LCA ori-
ce (Fig. 2). The right coronary artery (RCA) was normal
n origin and branching pattern. Histopathological analy-
is of samples systematically taken from different sites in
oth ventricles did not reveal signs of myocardial necrosis
r ischaemia. There were no associated extracardiac con-
enital malformations.
ase 3
his neonate (twin pregnancy) was delivered by Caesarean
ection due to maternal metrorrhagia at 31 weeks’ gesta-
ion with a birth weight of 1500 g; on the third day of life
he brutally deteriorated with a clinical low cardiac out-
ut syndrome. Emergency echocardiography showed two
root opened from the left ventricle and exposure of the sinuses
(B) indicate the localization of the pinpoint oriﬁce and thus ostial
ronary sinus. The normally sized right coronary artery ostium can
Neonatal coronary abnormality
Figure 2. Case 2: macroscopic view of the opened aortic root.
Aortic root opened from the left ventricle viewed from above and
exposure of the sinuses with their cusps. The black arrow indicates
the localization of the slit-like oriﬁce and thus ostial stenosis of the
left coronary artery situated in the middle of the left coronary sinus
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Discussionbelow the sinotubular junction.
dilated and severely hypokinetic ventricles. The neonate
died after an hour despite all the resuscitation manoeu-
vres that were undertaken. Sepsis work-up and metabolic
investigations were negative. Autopsy showed an anatomi-
cally normal heart with an RCA that was normally situated
and permeable. The LCA had a high take-off with a nor-
mally sized and shaped oriﬁce situated above the sinotubular
junction of the left coronary cusp (Fig. 3A). The coro-
nary thus had an acute angle of origin and a proximal
L
a
Figure 3. Case 3: enlarged macroscopic view of the opened aortic ro
the sinuses with their cusps. The black arrow indicates the localization o
situated above the sinotubular junction (high take-off with acute angle
middle of the right coronary sinus in normal position. B. Aortic root ope
part of the LCA showing its acute angle and the tangential nearly vertic
course.205
angential and nearly vertical descending course on the aor-
ic wall (Fig. 3B).
ase 4
his neonate was born at full term with a birth weight of
370 g and a normal neonatal adaption; she was referred to
ur department after a cardiac arrest at the third day of life
ecause of persistent biventricular dysfunction and dilated
ardiomyopathy. Echocardiographic assessment showed a
etrograde ﬂow in the LCA. A computed tomography (CT)
can revealed suspected LCA ostial atresia (Fig. 4A and B),
hich was conﬁrmed by coronary angiography. The infant
as referred for surgical revascularization. During surgery,
he angiographical diagnosis was conﬁrmed by the surgeon.
t the end of coronary artery bypass graft (CABG) surgery
ith an internal mammary arterial graft the infant became
aemodynamically unstable, was started on circulatory sup-
ort and eventually died on the operating table.
ase 5
his child was born at full term with a birth weight of 3310 g
nd a good neonatal adaptation. Some days later she pre-
ented with acute cardiac failure and was diagnosed with
ritical aortic stenosis with consequent biventricular dys-
unction and systemic patent arterial duct. An emergency
atheter procedure was performed to dilate the stenosis.
oronarography during the procedure demonstrated unex-
ected LCA oriﬁce atresia (Fig. 5A and B). Despite the
uccessful aortic valve dilatation and intensive medical
reatment, the infant died a few hours after the catheter
rocedure in refractory cardiac failure.CA ostial atresia or stenosis are rare congenital coronary
rtery abnormalities included in the subgroup ‘coronary
ot. A. Aortic root opened from the left ventricle and exposure of
f the normally sized and shaped left coronary artery (LCA) oriﬁce
origin). The right coronary artery (RCA) ostium can be seen in the
ned from the left ventricle. The pink probe is inside the proximal
al course of the coronary artery on the aortic wall. No intramural
206 D. Laux et al.
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aigure 4. Case 4: computed tomography images of a neonate wit
learly be seen connecting to the aortic root (Ao) without any sten
ortic root (white arrow), suggesting severe ostial stenosis or atres
rtery anomaly, other’ according to the Diagnostic Short List
f the International Paediatric and Congenital Cardiac Code
7]. High take-off and tangential course of the LCA is in the
ubgroup ‘coronary artery anomaly, anomalous aortic origin’
7].
Concerning LCA ostial atresia, approximately 50 cases
ave been described in the medical literature so far, 50%
f which were paediatric cases. LCA ostial atresia can be
ssociated with other cardiac defects, such as supravalvular
ortic stenosis, bicuspid aortic valve, pulmonary stenosis,
etralogy of Fallot, mitral prolapse and ventricular septal
efect [4,8], as in the last patient of our series who had
ritical valvular aortic stenosis.
Coronary ostial stenosis such as that encountered in
he ﬁrst two patients of this series has been described
n transposition of the great arteries but mainly in com-
on arterial trunk, especially concerning the LCA oriﬁce
ith slit-like or pinpoint variants [1,9]. In the latter, these
n
t
a
o
igure 5. Case 5: left coronary artery (LCA) atresia demonstrated by c
ilatation procedure, non-selective injection of contrast agent in the a
ithout stenosis, while the LCA cannot be visualized. Aortic valve appea
hows anterograde ﬂow in this coronary artery while the LCA is only pa
proﬁle image). The white arrow indicates the void space in which th
ngiography.coronary artery (LCA) atresia. The right coronary artery (RCA) can
The proximal part of the LCA is visible but does not connect to the
: pulmonary artery; LV: left ventricle; RV: right ventricle.
bnormalities can be responsible for biventricular dysfunc-
ion [9] and even cardiac death before initial repair. Isolated
ariants of ostial abnormalities without associated congeni-
al heart disease exist and have been reported occasionally
n autopsy series [3]. Congenital bilateral ostial stenosis has
lso been described [10].
Ectopic ostial origin with high take-off and tangential
roximal coronary course as described here in the third
eonate has been reported in adults and is associated with
ossible myocardial ischaemia and increased risk of ﬁxed
oronary atherosclerotic disease [11]. One case has been
eported in a 15-month-old boy with severe biventricular
ysfunction and sudden death [12].
ALCAPA, LCA atresia/stenosis and other abnormal con-
ections of the main right and left coronary arteries to
he aorta potentially share the same embryological mech-
nism. Indeed, it can be hypothesized from the ﬁndings
f Theveniau-Ruissy et al. in mouse embryos [13] that the
oronarography in an infant with aortic stenosis. A. During the aortic
ortic root is performed and shows the right coronary artery (RCA)
rs to be bicuspid (proﬁle image). B. Selective injection of the RCA
lely visible, being perfused in a retrograde fashion via collaterals
e proximal segment of the LCA should normally be visualized by
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position of the coronary oriﬁces is determined by the spatial
position of a ‘subpulmonary coronary-refractory myocardial
domain’. This domain would be repulsive for the develop-
ing epicardial coronary arteries, which would have to circle
around this repulsive domain to reach their respective aor-
tic sinus, if they ever do so. Abnormal position or size of
this subpulmonary coronary-refractory domain (and its mir-
ror domain ‘subaortic coronary-permissive domain’) could
explain these different anomalies. The molecular and cellu-
lar bases of coronary artery connection to the appropriate
aortic sinus, one of the later cardiac developmental events,
are scarcely known.
Atresia and stenosis of the LCA oriﬁce both cause
ischaemic heart disease in small infants. Their diagnosis
is challenging as the ﬁrst cardiac defect suspected in this
setting will usually be the more frequently encountered
ALCAPA, which is responsible for the same clinical picture
and severe myocardial dysfunction [14]. Both LCA ostial
atresia/stenosis and ALCAPA may present at different ages.
The youngest reported patient with LCA atresia in the lit-
erature became symptomatic at 12 days of life but was
diagnosed by coronary angiogram only 2 months later [15].
The presence of important collateral ﬂow from RCA to LCA
explains why clinical presentations are known into adult-
hood, with the oldest recently reported patient being an
85-year-old woman with angina pectoris [16]. Variation in
age at presentation is also common in ALCAPA [14]. The usual
age for ALCAPA diagnosis is infancy, probably because the
coronary steel phenomenon is temporally related to the evo-
lution of pulmonary vascular resistances. In our series, the
early and dramatic onset of symptoms is probably due to a
frail and insufﬁciently developed network of coronary collat-
erals. Why these collaterals do not develop in this defect is
unknown. The distal coronary bed might also be hypoplastic
due to low anterograde ﬂow, depending on when in devel-
opment the coronary ostium becomes stenotic or atretic. In
both neonatal cases of LCA ostial stenosis, the abnormal-
ity identiﬁed at autopsy represents an anatomical substrate
for critical reduction in coronary ﬂow when loading con-
ditions and oxygen demand on the left ventricle change
drastically after birth. In the third case the ectopic ostium
and the tangential vertical course with an acute angle might
represent the causal anatomical substrate for a functional
coronary stenosis. Acute angle take-off has been associated
with sudden death in adults in autopsy series [2] and in a
young child [12]. It has also been hypothesized that some
coronary anomalies only manifest under extreme conditions,
such as important exertion, eventually causing autocrine
and endothelial dysfunction and possibly a coronary spasm
[11,17]. Why this coronary anomaly was apparently fatal in
this premature neonate remains unclear, even if immatu-
rity of the child (gestational age 31 weeks) might play a
crucial role. In all three neonates, histopathological signs
of chronic ischaemic damage could not be identiﬁed, sup-
porting the concept of an acute event related to perinatal
dramatic changes in haemodynamics.
It is of note that only LCA atresia was diagnosed in living
neonates, while the diagnosis was established at autopsy
in the other three cases. This underlines, in our opin-
ion, the extreme importance of a thoroughly conducted
neonatal autopsy in case of neonatal or perinatal death.
This implies a good knowledge of neonatal and perinatal
a
d
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N207
isorders, including congenital cardiac disease, and a
ystematic inspection of the whole heart, including the
oronary oriﬁces, after opening the aortic root. The iden-
iﬁcation of the coronary abnormality allowed post-mortem
arental counselling, helping to relieve parental tension and
nxiousness due to the perinatal child loss.
For the two cases of LCA oriﬁce atresia, the diagnosis
as established by coronary angiography and subsequently
onﬁrmed during surgery in one case. Cardiac CT imaging to
dentify coronary artery disease and malformation has been
xtensively used in adults and in children [18,19]. It still has
imitations in neonates even if the electrocardiogram gat-
ng technique considerably improves reliability of detection
f neonatal coronary abnormalities [20]. Coronary angiogra-
hy remains the ﬁrst-choice diagnostic method, even if LCA
tresia was suspected with CT in one of our patients.
The outcome was fatal in all reported cases in this
mall series. Successful revascularization surgery has been
eported in paediatric and adult patients with congeni-
al coronary ostial atresia and stenosis. Systematic surgical
evascularization is usually proposed, as late cardiac deaths
ave been reported years after the diagnosis [21]. Internal
ammary arterial or saphenous venous grafts for CABG as
ell as surgical angioplasty by pericardial or polytetraﬂu-
roethylene patch are different surgical approaches that
ave been reported [4,5,22]. Very recently, Kaczorowski
t al. described successful homograft patch ostioplasty in
hree patients with LCA atresia [23]. In our series, the CABG
ttempt in the fourth neonate was unsuccessful. Technically,
oth patch ostioplasty and CABG appear extremely difﬁcult,
s the typical form of LCA oriﬁce atresia is characterized
y a hypoplastic left main coronary artery. In cases of iso-
ated LCA atresia or stenosis with a normal-sized main stem,
stial angioplasty is probably the most interesting surgical
ption. Long-term follow-up is lacking in both techniques as
o larger series are available, especially in the paediatric
ubgroup. However, some studies have shown encourag-
ng midterm results for revascularization in children with
ifferent coronary pathologies, including LCA ostial atre-
ia [23,24]. As a last resort, prolonged circulatory support
nd eventually neonatal heart transplantation could be con-
idered as treatment options in critically ill infants after
nsuccessful revascularization or in cases of dramatic clin-
cal course. Because donors are extremely scarce in this
ery young age group, this remains more of a hypotheti-
al approach than a realistic treatment option for this rare
isease.
onclusion
ongenital abnormalities of the LCA oriﬁce, such as atre-
ia/stenosis and acute angle take-off with tangential course,
re rare congenital heart diseases. Neonatal diagnosis has
ot been reported, probably because immediate neonatal
istress with severe biventricular dysfunction is commonly
ue to perinatal asphyxia and post-mortem examination is
ot systematically performed. Autopsy should be considered
s a major diagnostic tool in case of unexpected neonatal
eath. Careful examination of the heart and particularly
f the coronary oriﬁces and course should be performed.
eonatal biventricular dysfunction of unknown origin should
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lso lead to a thorough examination of the coronary arter-
es by echocardiography and, in case of doubt regarding
heir origin, coronary angiography should be proposed. Tech-
iques for surgical revascularization still carry a high risk
ut should systematically be proposed in case of heart
ailure. Neonatal heart transplantation is technically pos-
ible but donors are rarely available in this very young
opulation.
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